Genetic analysis of clathrin function in yeast.
The use of yeast mutants to study the function and dynamics of clathrin-coated membranes has offered new insights into clathrin's role in the secretory pathway and has raised additional questions. Most strains of yeast can incur a disruption of clathrin heavy or light chain genes and remain viable. However, in rare cases, alleles of genes other than clathrin affect the viability of clathrin-deficient cells. The relationship of the products of these genes to clathrin awaits clarification. Phenotypic characterization of clathrin-deficient yeast mutants suggests that clathrin is not essential for the generation of secretory pathway transport vesicles at the ER or the Golgi complex but is required for the intracellular retention of a Golgi membrane protein, Kex2p. With this genetic evidence for clathrin's function in vivo, biochemical and genetic experiments can be designed to address the mechanism by which clathrin effects retention of Kex2p. Clathrin-deficient yeast carry out protein secretion, receptor-mediated endocytosis of mating pheromone, and efficient targeting of newly synthesized vacuolar proteins. These observations challenge aspects of clathrin's proposed involvement in protein transport through the secretory pathway and to lysosomes in mammalian cells. However, the differences are beginning to recede in the face of additional experiments; the formation of clathrin coated vesicles is no longer commonly thought to be obligately coupled to transport through the secretory pathway in mammalian cells (Rothman 1986; Brodsky, 1988), and the role of clathrin in retaining a Golgi membrane protein in yeast may have its precedents in receptor-mediated endocytosis by mammalian cells or in secretory granule formation in endocrine cells. A unified theory of clathrin function is emerging (Brodsky, 1988) which suggests that the clathrin coat assemblage (clathrin heavy and light chains and the associated proteins) acts as a facilitator of intracellular protein transport by sorting and concentrating cargo molecules. The results from studies of clathrin-deficient yeast support this theory. Future experiments will determine whether clathrin provides its functions at different transport stages in different organisms or whether all eukaryotic cells employ clathrin at the same stages of intracellular protein transport.